Dynamic pressure--flow velocity relationships in the human cerebral circulation.
The pressure-flow velocity relationship in the cerebral circulation is characterized by the critical closing pressure (CCP), which is the pressure at which flow ceases, and the linear slope of a plot between pressure and flow velocity. It has been suggested, but not validated, that CCP can be determined from arterial blood pressure (ABP) and transcranial Doppler (TCD) recordings during the cardiac cycle. We studied a group of patients in whom ventricular fibrillation (VF) was induced. The time interval before defibrillation enabled calculation of CCP from data in which flow approached zero. These estimates were compared with values calculated before and after fibrillation and during regular heartbeats. TCD velocities and ABP in the radial artery were recorded before, during, and after 28 episodes of VF in 13 patients. CCPs were calculated by 3 different methods: (1) linear extrapolation from data during VF (gold standard); (2) linear extrapolation from normal heartbeat data; and (3) first harmonic Fourier filtering of normal heartbeat data. The CCP during VF calculated from long diastoles was 32.9+/-11 mm Hg (mean+/-SD). The regular heartbeat estimate was 6.0+/-4.3 mm Hg lower (P<0.05). The CCP estimate with the use of a Fourier filter was 1.4+/-3.9 mm Hg (P=NS) lower than during VF. During hyperemia after defibrillation, the CCP decreased by 13.3 mm Hg, while velocity increased by 63%. The decrease in CCP could explain half of the increase in flow velocity during hyperemia. CCP can be accurately estimated from regular heartbeat data and is an important factor in regulation of the cerebral circulation.